Development of a Novel Biosensor for Nanomolar Detection of Methylparaben  by Hajian, A. et al.
 Procedia Engineering  120 ( 2015 )  552 – 555 
1877-7058 © 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of EUROSENSORS 2015
doi: 10.1016/j.proeng.2015.08.714 
ScienceDirect
Available online at www.sciencedirect.com
EUROSENSORS 2015 
Development of a Novel Biosensor for Nanomolar Detection of 
Methylparaben 
A. Hajiana, b*, J. Ghodsic, A. Afrazc, A.A. Rafatic, Y. Shojac, O. Yurchenkoa,b, G. Urbana, b 
 
aFreiburg Materials Research Center, FMF, University of Freiburg, Stefan-Meier-Str.21, 79104 Freiburg , Germany  
bDepartment of Microsystems Engineering, IMTEK, University of Freiburg, Georges-Koehler-Allee 103, 79110 Freiburg , Germany  
c Department of Physical Chemistry, Faculty of Chemistry, Bu-Ali Sina University, Hamedan, Iran 
Abstract 
This work describes the development of a new biosensor for methylparaben determination using electrocatalytic properties of 
haemoglobin in presence of hydrogen peroxide. The biosensor was fabricated by carbon paste electrode modified with 
haemoglobin and multiwalled carbon nanotube. Based on the excellent electrochemical properties of the modified electrode, a 
sensitive voltammetric method was used for determination of methylparaben within a liner range from 1 to 13 PM and detection 
limit of 25 nM. The prepared biosensor possessed accurate and rapid response to methylparaben and good sensitivity, stability 
and repeatability. 
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1. Introduction 
Preservatives are often used in foods, pharmaceutical, beverages and cosmetic to manage microbial contamination. 
Parabens (alkyl esters of p-hydroxybenzoic acid) are the most widely used preservatives in the pharmaceutical, food 
and cosmetic industries due to their broad antimicrobial activity, low price and effectiveness. The chemical structure 
of parabens is presented in Fig. 1. 
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Fig. 1. General chemical structure of a paraben (where R = an alkyl group) 
One or more kinds of parabens are found in all types of cosmetic products. Since parabens were detected in human 
breast tumors, the use of these preservatives in cosmetics has been discussed worldwide and the European Economic 
Community (EEC) permit a maximum content of 0.4% (w/w) for a single paraben and a maximum content of 0.8% 
(w/w) for total parabens. Therefore, effective, fast and convenient determination of parabens is of great importance 
and has attracted particular attention in the last few years [1]. 
Several analytical methods have been developed for determination of parabens in different matrices. These methods 
are primarily included gas chromatography (GC), high-performance liquid chromatography (HPLC), 
chemiluminescence and capillary electrophoresis [2, 3]. Nevertheless, only a few electrochemical methods have 
been reported for the determination of parabens [4]. These techniques have the advantages of high sensitivity and 
selectivity and also being inexpensive [5]. 
In this study we have reported the electrochemical determination of MP through oxidation of phenolic hydroxyl by 
catalytic effect of haemoglobin (Hb) in presence of H2O2. Hb which is an inexpensive and abundant peroxidase 
alternative for determination of phenolic compounds, was used as an electrocatalyst for MP oxidation.  
2. Materials and Methods 
All chemicals were of analytical grade and used as received and without further purification. The solutions were 
prepared in deionized water and deoxygenated by bubbling high purity (99.99%) nitrogen gas through them for 15 
minutes prior to the experiments.  
All electrochemical experiments were performed in phosphate buffer solutions at room temperature and in a three 
electrode set-up, including the carbon paste electrode (CPE) modified by multiwalled carbon nanotubes (MWCNTs) 
and haemoglobin (CPE/MWCNTs/Hb) as working electrode, an Ag/AgCl electrode as reference, and a Pt foil as 
counter electrode. Amount of biosensitive components including graphite, MWCNTs and Hb were optimized for 
achievement of high sensitivity. 
In order to confirm suitable performance of the developed electrode for methylparaben (MP) determination, 
response of the biosensor was compared with glassy carbon electrode (GCE), unmodified and partially modified 
(without Hb) CPE, and the voltammograms are represented in Figure 1. Only for the CPE/MWCNTs/Hb a well-
defined peak is observed which corresponds to the oxidation of the MP on the surface of the electrode. 
3. Results and Discussion 
3.1. Voltammetric response of CPE/MWCNTs/Hb electrode to MP 
Mechanism of the electrochemical process is assumed to be as follow [6]: Heme group of Hb is firstly oxidized by 
H2O2. The oxidized heme can easily oxidize methylparaben to its related quinine, and then the reduced heme is 
oxidized back on the electrode surface. The current of the resulted oxidative peak is directly proportional to MP 
concentration. In order to confirm suitable performance of the developed CPE/MWCNTs/Hb electrode for MP 
determination, response of the biosensor was compared with glassy carbon electrode (GCE), unmodified and 
partially modified (without Hb) CPE. The corresponding cyclic voltammograms (CVs) are represented in Fig. 2a.  
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Fig. 2. (a) CVs of 0.4 m0 MP in phosphate buffer pH= 7, obtained by different working electrodes (scan rate of 100 mV/s) ; (b) DPVs of 1 PM 
MP in phosphate buffer obtained at different pH values (from 4.0 to 10.0) on CPE/MWCNTs/Hb electrode. 
Only for the CPE/MWCNTs/Hb electrode a well-defined peak is observed which corresponds to the oxidation of the 
MP on the surface of the electrode. 
The effect of pH on electrocatalytic response of CPE/MWCNTs/Hb electrode in detection of MP was also 
investigated. Fig. 2b shows the differential pulse voltammograms (DPVs) of MP (concentration) measured at 
different pH values. The potential shifts confirm the proton dependent oxidation of MP. 
Also the kinetics of electrode reactions was investigated by measuring CVs at different scan rates in the range of 
10–700 mV/s (Fig. 3a). The linear relation between peak currents and square root of scan rate which is represented 
in the Fig. 3b verifies that the electrochemical process occurred on electrode surface is mainly diffusion controlled. 
 
Fig. 3. (a) CVs of 100 PM MP in phosphate buffer (pH = 7) obtained at different scan rates of 10 to 700 mV/s; (b) linear relation between 
oxidative peak current and square root of potential scan rate. 
3.2. Electrochemical determination of MP 
Finally, a calibration curve for MP was obtained by successive addition of MP to phosphate buffer solution and 
subsequently performing of DPV measurements; the corresponding results are presented in Fig. 4. It is obvious from 
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Fig. 4a that MP oxidation currents increase with increasing of the MP concentration. The Fig. 4b exhibits that the 
peak current linearly dependents on the MP concentration in investigated concentration range. 
 
 
Fig. 4. (a) DPVs for different concentrations of MP (from 1 to 13 PM) in phosphate buffer solution pH 7; (b) calibration curve for MP 
determination. 
The proposed biosensor features a MP sensitivity of 0.265 PA/PM in the concentration range of 1-13 PM and 
possessed a detection limit of 25 nM with signal-to noise ratio of 3. 
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